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Abstract 
The National Highway Traffic Safety Administration (NHTSA), an agency of the United States Department of 
Transportation (US DOT), provides crashworthiness data sets serving as a starting point for highway research. 
Although the information has provided guidance to safety researchers and decision-makers for vehicle damage and 
occupant injury research, crash environment fields have been inadequate to serve the growing surveillance burden 
placed upon the Federal Highway Administration (FHWA), another agency of the US DOT. Recent advances in 
NHTSA data reporting, however, have allowed for supplemental data acquisition, at no added cost. 
The 2008 Fatality Analysis Reporting System (FARS) release marked the first instance in which the geographical 
location was reported for fatal crashes and placed in the public domain. This opened a technological linkage with 
mapping tools to improve understanding of the crash environment.  Further, improved photography introduced in 
the National Motor Vehicle Crash Causation Study and concurrent improvements in image capture for the National 
Automotive Sampling System Crashworthiness Data System provided better understanding of the crash scene. 
This paper provides the manual data extraction approach used in identifying candidate crashes and codification of 
roadside elements. Currently, FHWA is securing access to the Second Strategic Highway Research Program data, 
representing large stores of video. Leveraging recent FHWA Exploratory Advanced Research findings, in data 
mining and video capture, and lessons from the National Aeronautics and Space Administration and National 
Institutes of Health, the current project seeks to extend the manual approach to big data extraction. 
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1. BACKGROUND 
The FHWA has been engaged in a four-year effort to develop a manual photographic data extraction program 
and, most recently, consider a means of automated data extraction.  The data has been extracted from photographic 
images taken in support of National Highway Traffic Safety Administration databases, which have not formed part 
of recent FHWA data analysis efforts.  NHTSA data sets have traditionally provided the best vehicle damage, 
occupant outcome, and interaction of occupant with vehicle and vehicle with the environment.  The crash 
environment has not contained the level of detail required by FHWA for roadway design since the Longitudinal 
Barrier Special Study (LBSS,) undertaken by NHTSA for FHWA, using the National Automotive Sampling System 
architecture. 
1.1. Data acquisition precedent 
The LBSS was conducted in 1982.  Under the National Automotive Sampling System Crashworthiness Data 
System (NASS CDS) architecture, LBSS was envisioned to sample and investigate 82 crashes per stratum with 
priority given to collisions involving breakaway cable terminal (BCT) end treatment and transition from guardrail to 
bridge rail.  Although the attributes describing variables will have changed markedly over two decades owing to 
advances in roadside furniture, precedent exists for data collection under the aegis of NASS CDS. 
Inspiration for this study was drawn from LBSS and several National Cooperative Highway Research Program 
studies that reviewed NASS photographs, supplementing data extraction with general data acquisition, made on-
scene.  A renewed opportunity for roadway data acquisition was presented retroactively, under the National Motor 
Vehicle Crash Causation Study (NMVCCS).  Although the congressionally mandated study coded very limited 
roadway data, the photographic images were found to carry a level of detail to assess vehicle interaction, damage 
profile, and draw possible conclusions relevant to the vehicle redirection after impacting roadside hardware/objects. 
1.2. Study goals 
This study seeks to fill a void in roadway environment data reporting by applying previously accepted 
photographic data extraction techniques and enhancing manual data acquisitions by applying currently evolving 
automated data acquisition strategies. 
 
This will be accomplished by: 
x Identifying available graphic data sources. 
x Assessing strengths/limitations with supplemental data acquisition. 
x Discussing currently applicable Big Data efforts. 
 
 
 
2. GRAPHIC DATA SOURCES 
The data acquisition for this study started with the Fatality Analysis Reporting System (FARS) data published in 
2008, marking the first year for which geographical coordinates were associated with each of the crashes.  This 
marked a deviation from the traditional privacy controls imposed by NHTSA and coincided with improving 
panoramic view software.  At this time, NHTSA published retroactively geographical coordinates dating back to 
2001.  The initial manual data extraction was based upon identification of first event roadside element impacts, 
visible in panoramic view images.  These included concrete barriers, metal guardrails, and cable barriers. 
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NMVCCS data was assessed for its roadway environment data (Eigen, 2010).  Although limited roadway data 
was present, the coded data were found to have improved from previous NASS CDS data collection.  Based upon 
the FARS crash location review using panoramic view software review and NCHRP photographic data acquisition 
precedent, the opportunity was identified to supplement NMVCCS crash data with specific barrier type, barrier end 
treatment, placement, and, where possible, extent of barrier damage, redirection characteristics, associated vehicle 
damage, and possible vehicle trajectory or trajectories suitable for modelling. 
Additionally, FHWA is preparing to gain access to Second Strategic Highway Research Program (SHRP2) data.  
SHRP2 data will be the largest safety data set to date and will require automated techniques to review and analyze 
over one petabyte of coded and video data. 
2.1. General considerations 
The use of any data source may be subject to errors inherent in data extraction and interpretation.  For this reason, 
the methodology adopted assumptions implicit in the use of any recognized data set.  Assumptions include but may 
not be limited to: 
x acceptance of underlying data sources populating referenced dataset  
x extraction of only verifiable photographic data, per exemplar images compiled in the data coding manual 
x estimation made within confines of reasonable references, in the absence of reliable scaling 
 
The coded data source was filtered to identify vehicle impacts with roadside elements occurring during the first 
event.  Most crash data sets disaggregate crashes in units called events.  The point of reference for the event may be 
either crash or vehicle.  Crash events concatenate all vehicle interactions and are useful for macro characterizations.  
Vehicle events provide a chronology by vehicle, allowing the crash time line to be disaggregated in parallel for 
micro characterizations. 
Data analysts are prone to draw assumptions based upon acumen and intuition, attributed to engineering 
judgment.  For purposes of this study, engineering judgment was applied very narrowly to assure consistency among 
those populating the supplemental data sets.  The analysts were encouraged to compare crash scene images to the 
coding manual exemplar images.  The identification was meant to provide an accurate description of the roadside 
element present at the time of the crash. 
2.2. Extant dataset considerations  
FARS data for which geographical coordinates yielded panoramic view images with adequate detail for complete 
roadside element description or plausible recoding were selected to form part of the supplemental data set.  An 
image was deemed to possess complete roadside element data if the coded data could be confirmed and any of the 
following conditions were met, singly or in combination: 
x type of roadside barrier could be identified 
x type of end treatment could be ascertained 
x condition of the element could be distinguished 
x type of block out could be ascertained 
 
FARS provided the first, on-demand glimpse of a crash scene associated with the coded element.  Figure 1 was 
extracted from panoramic view software, in this case Google Earth and for which permissions were secured for the 
use of this image.  The geographical coordinates have been superimposed on the image, as well FARS-coded 
vehicle events. The numbers across the face of the image were estimated as the location for the FARS-coded vehicle 
events. The question marks were superimposed and bounded the crash location, to account for the relative 
imprecision of the geographical coordinates and the coded vehicle event positioning in relation to the coordinates. 
Effectively, engineering judgment was applied to populate the panoramic view image, based upon the coded FARS 
elements.  Further, engineering judgment, enhanced by crash location review, was applied in the starred vehicle 
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events suggesting that jackknife might be inconsistent with pickup truck design and that ditch might be more 
specifically classified as an embankment. 
 
 
Fig. 1. FARS crash location with coded vehicle events, Google Earth image (permissions secured). 
Based upon these conditions a series of variables and attributes emerged through an iterative process.  
Subsequently, the timing of the panoramic view image and crash date was questioned posing the limitation of 
temporal discontinuity.  The NMVCCS photographic images overcame this limitation, as crash investigators arrived 
on scene, generally with the vehicle and crash victims still on scene.  Emergency personnel were also on scene 
providing added perspective.  The sacrifice of the geographical location was more than compensated by the on-
scene character of the study, as seen in Figure 2 (left side) fresh paint transfer.  The limitation in NMVCCS was the 
2.5-year duration, including six months of trial, unweighted data collection.  There were also added, hidden, 
unintended benefits in the graphic images.  NASS CDS, in place since 1979, employed demarcated measurement 
rods, graded in five-centimeter increments, and used for assessing vehicle damage.  Instead of measuring the vehicle 
damage, which was outside of the NMVCCS protocols, measurement rods were used in many crash images to 
highlight a damage location but also placed in such way that the measurements could be read for distance from 
ground to barrier, height of vertical damage, and length of horizontal damage.  For roadway safety researchers, the 
presence of the measurement rods, as seen in Figure 2 (right side) could be likened to film industry Easter Eggs, 
recalling NASS CDS measurement protocols and enhancing the data acquisition value of the NMVCCS images.  
For the first time, a real-time, publically available dataset was able to provide information on barrier height, an 
important issue when assessing roadside maintenance and recommended barrier heights, and damage height, 
assessing the protective nature of the barrier in relation to the case vehicle. 
 
  
Fig. 2. NMVCCS graphic images, examples post-crash roadside element condition. 
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With the advent of the NMVCCS study, photography for NASS CDS improved markedly.  This occurred in the 
absence of any formal changes to the photography guidelines for NASS CDS.  For this reason, NASS CDS crashes 
will also be studied, upon exhausting NMVCCS crashes.  The timing for data collection places this data set in the 
middle, between the temporally discontinuous FARS, and the on-scene data collection of NMVCCS.  Data may be 
acquired within days to weeks of the crash event, leaving the crash scene susceptible to meteorological vagaries, 
element replacement, or legal consultation of crash victims.  In Figure 3 (left), the damaged guardrail has not been 
repaired, allowing for placement of vehicle crash event, as well as, closer examination of damage patterns, 
identification of the type roadside barrier, post, and impacted component of the guardrail.  Further, vehicle crash 
events might be seen in Figure 3 (top right), as referenced on the left side of the image, with vehicle post-crash 
condition shown in Figure 3 (bottom right).  Finally, Figure 3 (bottom right) provided an example of the 
measurement rods performing their prescribed function. 
 
  
Fig. 3. NASS CDS graphic images, examples post-crash roadside element condition, with vehicle events. 
2.3. Pilot study results  
The previous sections outlined data extracted during the Photographic Data Extraction Feasibility Study, shaping 
data acquisition parameters, identifying appropriate data sources, and selecting relevant crashes (Eigen, Olarte 
Valdivieso, & Ahrari, 2014).  The pilot study applied results of the feasibility study to 400 NMVCCS crashes and 
developed a supplemental dataset, with an excerpt populating Figure 4. 
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Fig. 4. NMVCCS coding and images, supplemented with barrier and end treatment type data. 
A catalogue of roadside element data was compiled to aid graphic data coders in identifying components visible 
in photographs.  General roadside element data was collected in the object contacted variable by the following 
attributes:  other traffic barrier (including guardrail), impact attenuator, or concrete barrier.  By reviewing the image 
and comparing it to the catalogue, data relevant to barrier and end treatment type became available to populate the 
supplemental data set.  Further, data on damage and placement were also available and coded in supplemental data 
set. 
Amidst acquiring and codifying supplemental data from FARS, NASS CDS, and NMVCCS, the manual 
photographic data acquisition methodology has been envisioned to grow into an automated data extraction 
algorithm.  This has been in preparation for the release of SHRP2 data, which will be the largest, multi-media data 
set available to the FHWA Office of Safety Research and Development.  It will be comprised of not only coded 
elements but also video data rather than still photographic images. For this reason, an automated approach must be 
considered, as a single researcher would be unable to analyze and benefit from the complete data set during the span 
of one career. Further, the timeliness of the data would be compromised, in the absence of automated data extraction 
techniques. 
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3. GRAPHIC DATA SOURCES  
With the support of the FHWA EAR Program, the Office of Safety Research and Development has been studying 
the state-of-the-art data acquisition, hosting, and processing.  Figure 5 provides a rough overview of a few data 
sources, providing size and suggesting opportunities for adapting lessons from their respective trajectories, with 
fuller data examples discussed below. 
 
  
Fig. 5. Exemplar data systems, from which SHRP2 might model future data storage, provision, and analysis. 
3.1. Comparison of future technologies 
With advances in Big Data, the feasibility study served as the mechanical template for future datasets, as SHRP2 
data reduction and analysis.  Table 1 outlines important, concurrent, and complementary efforts, as well as 
contrasting the method with the proposed automated methodology. 
3.2. Manual data extraction 
Manual extraction of photographic data was described in the preceding section.  Effectively, human intervention 
supplements coded data sources at lower cost than developing a data acquisition study.  It is labor-intensive and 
prone to errors from inexperience or fatigue. 
3.3. LiDAR-based extraction 
Currently, LiDAR data acquisition is providing access to roadway attributes, such as: grade, superelevation, 
roadside objects and offsets, roadside slopes, sign presence, and pavement condition.  The data can be converted 
from graphic images to coded data.  Few jurisdictions are taking advantage of LiDAR data, with Utah and 
Washington leading in this effort. 
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Table 1. Relevant graphic data acquisition techniques. 
Existing Data Acquisition 
Approaches Description of Approach Shortcomings of Approach 
Comparison of Existing 
Technology with Automated 
Approach 
Manual Data Extraction 
Researchers review crash scene 
photographs to extract roadway 
elements and post-crash 
condition and compile an 
FHWA-relevant data set. 
Labor-intensive process prone to 
human error.  Engineering 
graduate students are the 
preferred candidates but their 
turnover is high and retraining is 
also time-consuming. 
Eliminate the human frame-
by-frame or image-by-image 
data extraction, multiplying 
the amount of data and 
increasing the consistency of 
the data acquired. 
LIDAR-based 
Roadway elements are acquired 
for a growing number of 
highway segments, with the best 
resolution for roadside features 
provided by aerial photography. 
FHWA has engaged mobile 
units acquiring inventory data 
that is not associated with a 
crash scene. 
Proposed tool will review still 
and video images to identify 
crash scene information.  The 
present data source, the 
National Motor Vehicle Crash 
Causation Study (NMVCCS), 
links roadside element and 
post-crash condition.  This 
would allow for performance 
assessment. 
Total Station 
As part of the NHTSA effort to 
modernize their data systems, 
this technology is a visualization 
mechanism and it integrates 
panoramic view software with 
the crash scene descriptions. 
Detail is insufficient to assess 
damage profiles.  Images will be 
renderings of terrain rather than 
a Google Earth image.  The data 
cannot be downloaded as a data 
set and is useful only for case-
by-case analysis. 
With NHTSA cooperation, 
geographical coordinates were 
facilitated for NMVCCS cases.  
This information would be fed 
into the proposed tool to 
extract the FHWA-relevant 
data, with adequate resolution. 
EAR Project – “Machine 
Learning for Automated 
Analysis of Large Volumes of 
Highway Video” 
Combine computer vision and 
machine learning algorithms to 
characterize objects or events of 
interest. 
Machine learning algorithm is 
not one size fits all.  A new 
technique might be introduced 
for unambiguous results from 
this study. Over time, though, 
we have learned that for other 
applications, different 
parameters must be used and 
validated. 
Work will be complementary 
to current EAR project.  Even 
if the core code is not changed, 
the work of figuring out how 
to set those parameters for 
other applications, and 
proving that the algorithm 
gives good results, is 
significant and important. 
  
3.4. Total Station  
Over nearly four decades of modern data acquisition, NHTSA has been responsive not only to their own data 
needs but those of other data users.  In 1982, LBSS, built upon the architecture of NASS CDS, allowed for roadside 
data acquisition.  Again, through the NASS CDS architecture, the Total Station has been adapted, allowing for 
visualization of crash scene data, integrating crash data collection with panoramic view software.  In contrast to the 
automated approach, the scene renderings are idealized and do not support roadside measurements, lacking adequate 
detail to discern the specific roadside elements. 
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3.5. FHWA Exploratory Advanced Research  
The FHWA Exploratory Advanced Research has been active in identifying and undertaking two complementary 
projects:  massive data and data mining and machine learning for automated analysis of large volumes of highway 
video.  The latter effort will yield one technique unique to its purpose.  Automating this approach, however, will 
require the development and validation of different parameters. 
3.6. Other  
Currently, astronomical and medical sciences, as well as military applications, are concurrently developing at 
different stages. 
In parallel, the military has been studying ways to efficiently analyze drone footage.  The Air Force has used 
software used in reality television and sports events to identify and index film clips.  Access to data extraction 
techniques may be restricted owing to security concerns, however, may yield a robust and infrastructure-relevant 
application for the automated data extraction approach. 
4. SUMMARY  
A sustainable manual methodology for roadside data element extraction was developed through the Photographic 
Data Extraction Feasibility and Pilot Studies.  Currently, FHWA is evaluating Big Data experience and supporting 
the development of techniques to reduce and extract coded and video data from large volumes of data.  This exercise 
is preparation for the receipt of the SHRP2 data.  Agencies such as NASA and NIH have been collecting, storing, 
extracting, and synthesizing data relevant to astronomical and medical science, respectively.  The goal will be to 
transition manual photographic data acquisition to an automated data acquisition method by adapting state-of-the-
practice techniques, where feasible, as well as developing new specialized methodologies. 
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